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Abstract 

The hypotensive effect of imidazoline-like drugs (IMs) directly injected into the rostroventrolateral part of the brainstem (NRL/RVLM) 
was shown to involve non- adrenergic iniidazoline specific receptors (IRs), Sonne IMs caused hypotension when injected there, 
irrespective of their affinity and selectivity for any a-adrenoceptor subtype. Compounds, such as LNP 509. S 23515, S 23757 or 
benazoline with very high selectivities for IRs over a j-adrenoceptors (A2RSX became available recently. Some of these compounds (LNP 
509, S 23515) caused hypotension when injected alone into the NRL/RVLM region. Nevertheless, high selecdvitv for IRs will no t 
predict bv its own the capability of IMs to elicit hypotension as some of these substances behaved as antagonists toward s the hypotensive 
effects of the lat ter. As far as hybrid drugs, i.e., with mixed binding profiles (I, /a-,), were concerned, a significant correlation has been 
reported between their central hypotensive effect and their affinity for IRs. Imidazoline antagonists, such as idazoxan, wer« repeatedly 
shown to competitively prevent and reverse the centrally induced hypotensive effect of IMs. The sole stimulation of AjRs within the 
NRL/RVLM region was not sufficient to decrease blood pressure as much as IMs did, as shown by the lack of significant blood pressure 
lowering effect of a- methyl noradrenaline (a-MNA). No correlation was observed between affinity of IMs for AjRs and their central 
hypotensive effects. It is also noticeable that yohimbine, an AjRs antagonist, was repeatedly shown to abolish the hypotensive effect of 
hybrids but usually in a non-compeutive manner. Mutadon of A,Rs was shown to prevent the hypotensive effects of centrally Anfjj g 
drugs. It is concluded that (i) drugs highly sclectiveTor I/Rs over A2RS can reduce blood pressure by their oy n: Cn) th e cent ral 
hjj>nt#^n<;^v#* pffp-y-j qI ^IMs needs implication of IRs and appears to be facilitated bv additional activation of A ,Rs; and (iii) t his effe ct 
requires intact A2RS along the sympathetic pathways. © 2000 Elsevier Science B, V. All rights reserved. ^ 
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1. Introduction 

It has been repeatedly reported that imidazoline com- 
pounds injected directly within the NRL/RVLM region, 
the site of the hypotensive action of clonidine-like drugs, 
re4uced blood pressure whereas catecholamines did not 
(Bousquet et al., 1984; Emsberger et ai., 1987). Binding 
assays revealed the existence of imidazoline binding sites 
(IBS) (Emsberger et al., 1987; Bricca et al., 1988) insensi- 
tive to catecholamines (Mecley et a!.. 1986; Bricca et al.. 
1994). Such binding sites were found in the brain as well 
as in peripheral tissues (Emsberger et al., 1988; Wikberg. 
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1989; Molderings et al.. 1991). Two sub-types of specific 
IBS were proposed. The I, -subtype is sensitive to cloni- 
dine and idazoxan whereas the Ij-subtype, suggested being 
associated with the mitochondrial monoamine oxidase, is 
sensitive to idazoxan but poorly sensitive to clonidine 
(Bousquet et al.. 1995; Molderings. 1997). 

The only correlation ever reported in this domain was 
obtained by plotting affinities for IRs vs. blood pressure 
reductions of central origin (Emsberger et al., 1990. 1997). 

Such a correlation has never been shown when affinities 
for a 2-adrenoceptors were taken into account. There is a 
large body of evidence for the involvement of non-adren- 
oceptors in the induction of the hypotensive effect of 
imidazoline-relaied drugs (Bousquet, 1995, 1997; Ems- 
berger et al., 1997; Molderings, 1997). N evertheless, on e 
shoul d keep in mind that the main side effects of cloni - 
dine^ike dmgs are clearly due to their capability of acti- 
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vatin^ g ^-adrenoceptors. This partic ularly applies for se- 
dati on, which is due to activation ot a 2-adrenoce ptors 
located in the locus coeruleus (Bousquet, lyy^; liousquet 
U a!., m^l ■ 

Drugs with affinity for a 2-adrenoceptors lower than 
that of the leader compound clonidine and with high 
affinity for IRs are now available. Rilmenidine first and 
then moxonidine were proposed as drugs selective for IRs. 
Drugs selective for IRs over aj-adrenoceptors were shown 
to cause marked hypotension from central origin; the 
incidence of their side effects is similar to that of placebos 
(Verbeuren et al., 1990), 

A capacity of such drugs to target IRs is required to 
induce their hypotensive effects. Their residual affinity for 
a 2-adrenoceptors seems to play a synergistic role in their 
hypotensive action but is low enough to avoid the classical 
side-effects of the first generation of centrally acting anti- 
hypertensive drugs. 

Questions related to the mechanism of the central hy - 
po tensive action induced bv imidazoline-like dru^s remai n 
open . As an example, it is noteworthy that some phar - 
macological tools exhibiting high affini ty for a2A-adrenoc - 
"eptors are capaPic oi aecreasmg blood pressure by a 
tCTlrai action , in fact, it was recently reported that> when 
a 2-adrenoceptors were made mactive. the hy potensiv e 
et tects ot compounds such as UK- 14304 and dexmedc to- 
midi ne were aboli shed (MacMillan et al., 1996). Thus, 
s ubstances with high affinity for a2A-adrenoceptors "Have 
actually the usual central effects of a 2-adrenoceptors ago- 
nists, i.e., hypotension, brady cardia, sedat ion ^ analgesic 
effects, mouth dryness and rebound effects. 



2. Imidazoline specific binding sites 

Emsberger et al. used [^H]/?-aminoclonidine in mem- 
branes prepared from the bovine RVLM region and re- 
ported that 30% of the specific binding were insensitive to 
noradrenaline (Emsberger et al.. 1987). Similar results 
were obtained with [^Hj-idazoxan, another imidazoline, in 
renal cortical menibranes (Coupry et al., 1987). 

Catecholamine-insensitive specific IBS were described 
in numerous tissues including the human brain and kidney 
(Coupry et al., 1987; Langin and Lafontan, 1989; Parini et 
al., 1989). Bricca et al. (1988) reported that almost 80% of 
the specific binding of ['H]-clonidine brainstem mem- 
branes were insensitive to noradrenaline. While Ij-IBS 
were clearly shown to be located on the external mem- 
brane of the mitochondria (Limon et al., 1992), I, -IBS are 
present in synaptic plasma membranes (Heemskerk et al., 
1998). 

Several laboratories are currently tempting to purify 
specific IBS proteins. A 60-kDa protein with a pharmaco- 
logical profile similar to that of the Ij-IBS was identified 
(Limon et al.. 1992). The sequence of this protein proved 



some homologies with that of the monoamine oxidases. A 
70-kDa protein, which also had pharmacological character- 
istics of the Ij-sites was purified from adrenal chromaffin 
cells (Wang et ah. 1992). 

Besides, a 43-kDa protein was purified from the human 
brain. This protein bound [^H]-clonidine and [^H]-idazoxan 
and was therefore considered to be an Ipbinding protein 
(Greney et al., 1994; Bennai et al., 1995). A similar 
protein (45 kDa) was also found in the rat brain (Escriba et 
al., 1994). 

Coupling of IRs to G proteins is still debatable (Piletz 
and Sletten. 1993; Bricca et al.. 1994). The signal trans- 
duction mechanism associated with the I, -IRs is currently 
under investigation in several laboratories. Emsberger et 
al. suggested recently that these receptors might be linked 
with a phosphatidylcholine selective phospholipase C 
(Separovic et al., 1996). 

Specific IBS were labelled with tritiated p-aminoc- 
lonidine, clonidine, rilmenidine, idazoxan or p-iodocloni- 
dine. These ligands are still largely employed in binding 
assays. However, they are not very selective for IRs as 
compared to a 2*^^^^"^^P^ors. Because of the relative 
lack of selectivity of the available radioligands and also 
because a j-adrenoceptors and IRs usually appeared co- 
localized, it is still necessary to mask ot 2"^*i''^"Oceptors in 
binding assays devoted to the characterization of IRs 
(Bricca et al., 1993. 1994). Radiolabelled ligands highly 
selective for IRs over a j-adrenoceptors remain to be de- 
veloped. 



3. Selective ligands 

3.1. Endogenous ligands 

Several brain extracts have been shown to contain 
substances candidate(s) to be endogenous ligand(s) of these 
receptors (Atlas and Burstein, 1984a,b; Meeley et al., 
1986; Emsberger et al., 1988). Some of these extracts were 
shown hypotensive when applied centrally whereas others 
increased blood pressure when directly injected within the 
NRL/RVLM region (Meeley et al., 1986; Bousquet, 1995; 
Bousquet et al., 1986), The complete identification of the 
active substances contained in these extracts has not yet 
been achieved. Recently, agmatine, a decarboxylated 
metabolite of arginine, was proposed as an endogenous 
ligand of IRs. In fact, agmatine was capable of displacing 
in some extent the specific binding of various ligands from 
IRs (Li et al., 1994). Affinity of agmatine for IRs was 
rather low and it also bound to a j-adrenoceptors and it 
had only weak blood pressure effects when applied within 
the NRL/RVLM area (Li et al., 1994; Sun et aL. 1995; 
Regunathan and Reis, 1996). Until the identification of the 
specific endogenous ligand(s) of IRs would be achieved, it 
is impossible to state about the agonist or antagonist 
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properties of the synthetic substances that act on these 
receptors. 

3,2. Synthetic ligands 

Recently, benazoline, an imidazoline about 10.000 times 
more selective for IRs than for aj-adrenoceptors has be- 
come available (Brasili et al., 1996). When administered 
intracistemally (i.e.) to pentobarbital anaesthetized rabbits, 
benazoline (3 pimol/kg) tended to increase mean arterial 
pressure. This surprising effect was much more pro- 
nounced in animals with muscimol induced sympathetic 
inhibition (MAP raised by 150%). 

We were also particularly interested in an imidazoline 
derivative with selectivity for imidazoline receptors over 
a 2-adrenoceptors of 1000 to 10,000, according to binding 
data. This substance, called LNP509, was synthesized in 
our laboratory. When administered directly in the central 
nervous system by the intracistemal route in anaesthetized 
rabbits, it decreased blood pressure in a dose-dependent 
manner (100 to 1000 fi-g/kg) (Bousquet et al., 1999). 

S23515 also exhibited high affinity for I,Rs and its 
selectivity ratio (Ij over AjRs) was over 4000. When 
administered i.e. in cumulative doses (10-300 M-g/kg) in 
anaesthetised rabbits, S23515 induced a dose-dependent 
decrease in blood pressure and heart rate. 

From the data obtained with LNP509 and S23515 com- 
pounds, one can conclude that a very selective action on 
medullary specific imidazoline receptors alone was suffi- 
cient to trigger hypotension. However, it remains to be 
clarified whether the hypotensive compounds are agonists 
for IRs and benazoline an inverse agonist or vice versa. 
Idazoxan and efaroxan, which have no effect by them- 
selves on blood pressure when delivered the same ways at 
reasonable doses, remain pure antagonists. 

A possible interaction between IjRs and AjRs was also 
investigated. a-Methylnoradrenaline (ot-MNAY n sftlerti vft 
A;Rs agonist with n ^ f^ffi"i^y TR«^. and S23515 

were mjected (i.e.) in combination. Doses of these com- 
pounds, too low to modify blood pressure when given 
alone, were selected (0.5 and 3 ^.g/kg, respectively). 
S23515 was injected 10 min before a-MNA. Combinatio n 
of both drug s caused a fiignificant hypntf^nvivp pffprt ( - 23 
± 2%). V ery sim^ ^^r rrs^^^T -ivrrr nh^"' Red with LNP509 
co mpound in combination with a-M NA. 

Taken together, all these results provide the first evi- 
dence that (i) a drug hig hly selective for IiRs over A..R s 
c an reduce blooan^ressurc and (ii) actions on I.Rs and 
A^Rs may potentiate each other, suggesting an interacti on 
between t hesis yy/n typpg nf rpppptn^ Such an interaction 
may account for the overall hypotensive effect of hybrid 
drugs such as clonidine, which bind to both IjRs and 
A2RS. Whether there is a direct link between these two 
types of receptors on the same neuron or whether they ar e 
o perating in series along the SYmp afh**^^^ p?th^"''ys 
sug gested bv Head (1995) remains to be demonstrated. 



3,3, The second generation of central hypotensive drugs 

Rilmenidine, an imidazoline-Iike oxazoline, was pre- 
sented as the first centrally acting antihypertensive drug 
selective for IRs (Verbeuren et ah, 1990; Head et al., 
1993). Thus, this substance was the prototype of such 
drugs. Its hypotensive effect mostly originates within the 
brain (Feldman et al., 1990; Emsberger et al.. 1997). Due 
to its reduced affinity for a 2-adrenoceptors as compared to 
clonidine, rilmenidine was shown to be selective for IRs 
(Bricca et al., 1989). This selectivity of rilmenidine for IRs 
over a 2-adrenoceptors might explain that at hypotensive 
doses it is devoid of any significant sedative action in 
animal models as well as in patients. Idazoxan. an antago- 
nist with an imidazoline structure, was much more active 
than yohimbine, a reference antagonist of the aj-adrenoc- 
eptors, to prevent the hypotensive effect of rilmenidine 
(Feldman et al., 1990). All these experimental observations 
confirmed that IRs are mainly involved in the blood 
pressure lowering effect of rilmenidine. 

In addition, to its hypotensive effect, rilmenidine has 
additional beneficial effects. In the cardiovascular field, it 
was shown to powerfully prevent the occurrence of experi- 
mental ventricular arrhythmias, Mammoto et al. (1996) 
reported that rilmenidine prevented the halothane-adren- 
aline induced arrhythmias in dogs. Our group has shown 
that rilmenidine was able to prevent the occurrence of 
ventricular arrhythmias caused by bicuculline injected i.e. 
in anaesthetized rabbits. This effect of potential clinical 
relevance was observed when rilmenidine was injected 
either i.e. or intravenously (Roegel et al., 1996), It is 
notable that this anti-arrhythmic action was observed at 
doses of rilmenidine too low to reduce blood pressure and 
that it was antagonized by idazoxan. Similar results were 
also obtained with moxonidine (Lepran and Papp, 1994; 
Mest et al.. 1995), 

4. Conclusion 

In conclusion, as far as the respective contributions of 
a 2-adrenoceptors and imidazoline receptors in the hy- 
potensive effect of clonidine-like drugs are concerned, the 
state of the art can be summarized as follows. 

(1) Non-adrenergic receptors specific for imidazoline- 
like compounds do exist and are physically different from 
the classical aj-adrenoceptors. 

(2) An action on medullary imidazoline receptors alone 
is sufficient to inhibit the vasomotor tone and therefore to 
reduce blood pressure. Actually, the same holds true for 
the exclusive stimulation of a j-adrenoceptors within the 
central nervous system. 

(3) Imidazoline specific receptors are involved in the 
hypotensive effects of imidazoline selective compounds as 
well as of clonidine-Iike (hybrid) drugs. 

(4) The integrity of the a j-adrenoceptors included in 
the sympathetic centers and pathways appears to be re- 
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quired for the development of the hypotensive effects of at 
least a 2-adrenergic agonists and hybrid drugs. 

(5) A cooperative interaction between imidazoline re- 
ceptors and ttj-adrenoceptors seems to account for the 
marked and rapid hypotensive effect caused by hybrid 
drugs, such as clonidine. 
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